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Landslide problems are abundant in the mountainous areas of Nepal. This study aims to prepare 
landslide susceptibility map (LSM)using Analytical Hierarchy Process (AHP) method of the 
Kaligandaki hydro-catchment, Syangja, Nepal. Eight factor maps viz. slope, aspect, distance to 
stream/river, lithology, distance to faults, precipitation, land use and distance to road were used for 
preparing thematic layers. Weight for each factor was assigned using AHP depending on its influence 
on the landslide occurrence. The LSM was obtained with combination of weighted thematic layers and 
reclassified into five susceptible classes namely, very low (VL), low (L), moderate (M), high (H) and 
very high(VH).Altogether 27 landslide incidents were recorded by inventory approach. The result 
showed that about 40% of the study area is highly susceptible for landslide occurrence. The study 
revealed that higher slope (>30o) with combination of lithological factor has higher effect on landslie 
occurrence. Similarly, west facing slopes were found to be more susceptible to landslide occurrence in 
comparison to other aspects. The majority of the landslides were found near proximity of roads and 
streams/rivers. Finally, the landslide hazard zonati  map was crossed with the landslide distribution 
map and the model applicability was confirmed by determining the per hazard class percent of area 
covered by the landslide. Further, the effectiveness of the map was also confirmed by the high 
statistically significant value of a chi-square test. The LSM can be useful for the decision-makers and 
planners in choosing suitable locations for the development works like road network, drainage 





    Landslide is the most damaging geological disaster all around the world causing loss of lives and damage to 
both man-made and natural structures (Petley et al., 2007; Froude & Petley, 2018).Nepal falls in tectonically 
most active zones on earth at the center of 2400km long Himalayan mountain range(Petley et al., 2007). Since 
this region is tectonically very unstable with rugged topography, unstable geological structures, soft and fragile 
rocks, common earthquakes, along with heavy and prolonged rainfalls during monsoon periods (Devkota et al., 
2013), landslides holds significant phenomena among the various land degradation process prevalent in the 
country (Ahmad & Joshi, 2010). In Nepal, landslide disaster has been accelerated because of the impact of 
artificial structures and human interventions on mountain slopes followed by expansion of agricultural land, 
large scale deforestation, unplanned settlements and infrastructure developments as rural roads, hydro-dams, 
irrigation canals and so on without considering proper engineering plans, geological and geographical 
investigation (Rajbhandari et al., 2002). Deeply weathered and fractured rocks and greatly incised rivers and 
streams contribute to excessive mass wasting in the mountainous terrain. Besides, high precipitation during the 
monsoon season (June–September) is another detrimental factor, which causes landslips, debris flows and flash 
floods. Consequently, natural and man-made disasters are increasing, which are often resulting in substantial 
economic and environmental losses and causing a great suffering to many people (Ministry of Home Affairs, 
2018). 
    In this context, the identification of probable landslide hazard zone and an early prediction of such events 
might be boon for saving millions of life properties and, mitigating the impacts or situation from being worse 
and serious. Several methods have been used for assessing landslide susceptibility mapping, hazard mapping and 
risk evaluation (Chauhan et al., 2010; Kayastha et al., 2013; Pardeshi et al., 2013). Inventory, historical records, 
satellite images and aerial photo interpretation have helped Experts to evaluate inducing factors, and identify 
sites that have similar geological and geomorphological feature (El Jazouli et al., 2019). Generally, the methods 
applied for landslide susceptibility mapping can be divided into (1) qualitative method (Kayastha et al., 2013; 
Sharma and  Mahajan, 2018) (2) quantitative method including bivariate and multivariate modeling methods for 
statistical evaluation of landslides occurrences (Devkota et al., 2013; Sharma and Mahajan, 2018; El Jazouli et 
al., 2019).Qualitative models are the simplest methods which are entirely based on the expert knowledge and 
experiences of the persons carrying out the susceptibility or hazard assessment (Kaur et al., 2017).With 
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incorporation of ranking and weighting, some qualitative methods become semi-quantitative method (Ayalew et 
al., 2005), such as  Analytic Hierarchy Process (AHP) (Saaty, 1980; Mandal and Mandal, 2018; Abay et al., 
2019) and the weighted linear combination (WLC) (Ayalew et al., 2005; Akgun et al., 2008).The limitation of 
these qualitative methods is their subjectivity associated with empirical ranking. However, the heuristic method 
is not necessarily bad when it is based on an expert opinion (Van Westen, 2000).Based on inventorying and 
heuristic analysis, qualitative or semi-quantitative methods define the risk zones in descriptive terms and are 
often used for small-scale regional studies (Van Westen, 2000; Zumpano et al., 2014; Sharma and Mahajan, 
2018).AHP method is widely used in landslide susceptibili y analysis (Kayastha et al., 2013). Using this method, 
each layer used in landslide susceptibility zoning is broken into smaller factors, then these factors are weighted 
based on their importance, and eventually the prepared layers are assembled and the final map is realized 
(Yazdadi & Ghanavati, 2016). In this study, AHP method was used to produce landslide hazard zone that will 
help to find proper and effective strategies in land use planning and management and also forecasting and 
finding measures to mitigate subsequent losses to future landslides. 
 
2. Materials and Methods  
 
 
2.1. Study Area 
    The study was done in the Kaligandaki hydro-catchment, spreading over the Kaligandaki rural and Galyang 
municipality located in Syangja district, Gandaki province of Nepal. Though the Kaligandaki hydro-catchment 
covers an area of 520.64 square kilometer, the study was primarily focused in an area of 73.86 square kilometer, 
extending from 27056' N to 28001'N latitude and 80044'E to 83035'E longitude, since the hydropower reservoir 
has been facing sedimentation problem by critical landslides located within this area. Besides, the problem of 
river damming's from landslides, Landslide Dam Outburst Flood (LDOF) were recorded in past in this hydro-
catchment (Sunuwar, 2018). The study area is located 44 km far from district headquarters in western part of this 
district. Its altitude ranges from 400m to 2000m above the sea level. Two main streams namely Andhikhola and 
Pidikhola flows in the study area and finally mixed up with the Kaligandaki river in the western part of he study 
area. The Andhikhola meets Kaligandaki river at the dam site, where Andhikhola deposits sedimentsit carries to  





Figure 1. Map of the Study Area 
2.2. Data Collection and Preparation 
 
a. Landslide Inventory 
    At first, study area was investigated and determined by the position of landslides using satellite image from 
google earth platform. A preliminary survey was conducted to locate existing active landslides in the study area 
with the help of local people and local concerned institutions using participatory GIS. Each of the landslide was 
visited and the boundary was surveyed using GPS. A total of 27 landslides with covering area of 25122.55 
square meters were found in the study area. The landslide dataset was transformed into raster value domain with 
4 m spatial resolution in Arc GIS (10.5) environment. 
 
b. Digital Elevation Model (DEM) 
    DEM of the study area was clipped in Arc GIS from freely available ASTER GDEM worldwide elevation data 
with 30 m resolution via earth explorer webpage (Earth explorer, 2018).Following derivatives were deriv d from 
the clipped DEM. 
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i) Slope(S): Slope gradient was derived from DEM using slope tool feature in Arc GIS. Then it was finally 
reclassified into 3 different classes as <100 degree, 100-300degree and >300 degree (Figure 2-A). Finally, it was 
resampled to 4 m spatial resolution using nearest nighbor algorithm of mathematical transformation. 
 
ii) Aspect(A): Aspect was derived from DEM using aspect tool feature in Arc GIS. Then it was finally 
reclassified into 5 different classes as Flat (-10), North(3150-450), East(450-1350), South(1350-2250) and 
West(2250-3150)(Figure 2-B). Finally, it was resampled to 4 m spatial resolution using nearest neighbor 
algorithm of mathematical transformation. 
 
iii) River / stream Network(Ri): It was extracted from the DEM using watershed tools in Arc GIS. By using 
feature of Euclidean distance, the distance from stream/river was derived in grid format with 4 m resoluti n. 
Later the distance form stream/river was re-classified into 6 different classes as <100 m, 100 -200 m, 200 -300 
m, 300 - 400 m, 400-500 m and > 500 m for further analysis (Figure 2-C). 
 
c. Road Network(Rd): It was obtained from the free source of open street map by adding data from ArcGIS 
online named as Nepal roads. The vector data was clipped to study area. By using the feature of Euclidean 
distance in ArcGIS, the distance form road was derived in grid format with 4 m spatial resolution. Later the 
distance from road was categorized into 6 different classed as <100 m, 100 -200 m, 200 -300 m, 300 - 400 m, 
400-500 m and > 500 m for further analysis (Figure 2-D). 
 
d. Land use/Land Cover(Lu): The land cover map of study area was produced fromthe Topographic map of 
Syangja district with sheet no. 2783-03A, 03B,2883-15C, 15D obtained from Survey Department, Ministry for 
Land Management, Co-operatives and Poverty Alleviation. The data was clipped to the study area, which ad 
eight (8) land cover classes as cutting cliff, Barren land, Forest, Grass, Cultivation, Bushes, Sand and River 
(Figure 2-E). 
 
e. Lithology(Li): Lithological map was derived from the geological map of western Nepal 1983 with scale 
1:250000 obtained from Department of Mines and Geology, Nepal. The digital data was extracted to the study 
area. Finally, the lithological map of the study area was transformed to grid format of 4 m spatial resolution, 
which consists of five (5) classes as Alluvial deposits, Benighat slate, Dhading Dolomite, Nourpul formation and 
River bed/Sand area (Figure 2-F). 
 
f. Faults(F): Fault line data were produced from the Geological m p of parts of Palpa, Syangja and Gulmi 
districts (2000) sheet no 63M/9, obtained from Department of Mines and Geology with scale 1:50000. By using 
feature of Euclidean distance in ArcGIS, the distance from fault line was derived in grid format with 4 m spatial 
resolution. Later it was reclassified into five (5)classes as <800 m, 800-1600 m, 1600-2400 m, 2400-32  m and 
>3200 m (Figure 2-G). 
 
g. Precipitation(P): The precipitation map was obtained from Wordclim webpage (WorldClim, 2018), which is 
set of global climate layers (gridded climate data) with spatial resolution of 1 km2. The obtained map was 
clipped to study area and transformed to grid of 4 m spatial resolution. Finally, the precipitation map was re-
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Figure 2. Thematic layers: (A) Slope, (B) Aspect, (C) River, (D)Road, (E) Landuse, (F) Lithology, (G) Faults and (H) 
Precipitation 
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2.3. Data Analysis 
    AHP and Weighted overlay method were used to prepare Landslide Susceptibility Map.The model 
applicability was confirmed by determining the percent of area covered by the landslideper hazard class andChi-
square test at 1% level of significance. 
 
Analytical Hierarchy Process (AHP) 
    The AHP is a semi-qualitative, multi-objective, multi-criteria decision making (MCDM) method, whic 
involves a matrix- based pair wise comparison of the contribution of the different factors which supply a flexible 
and easily understood way of analyzing complicated problems (Saaty, 1980). While applying AHP, factors were 
compared with each other to determine the relative preference of each other in accomplishing overall goal and 
numerical values were assigned to each pair using guidelines established in Fundamental Saaty's scale (T ble 1). 
 
Table 1. Fundamental scales for pair wise comparison 
 
Scales Degree of preferences Descriptions 
1 Equally Two activities contribute equally to the objective. 
3 Moderately Experience and judgment slightly to moderately favour ne activity over another. 
5 Strongly Experience and judgment strongly or essentially favour one activity over another.
   
7 Very strongly An activity is strongly favoured over another and its dominance is showed in 
practice. 
9 Extremely The evidence of favouring one activity over another is of the highest degree possible 
of an affirmation. 
2, 4,6, 8 Intermediate Values Used to represent compr ises between the preferences in weights 1, 3, 5, 7 and 9. 
 
As described by Saaty (1980), landslide hazard zone have been prepared as per the following procedures. 
a) Establishment of pair-wise comparison matrix 
    The couple comparison method was used to determin  the preference of the triggering factors. In this study 8 
factors: Slope, Aspect, River, Road, Land cover, Lithology, Faults and Precipitation were used as triggering 
factors. In the construction of a pair- wise comparison matrix, each factor was rated against every other factor by 
assigning a relative dominant value between 1 and 9 to the intersecting cell and numerical values assigned in the 
cell were summed up column wise (Table 2). 
 
Table 2. Matrix showing the couple comparison of the factors 
 
Comparison S Li Ri P Rd F A Lu 
S 1     1     3     4     5     5     7     9     
Li 1     1     3     3     3     3     4     5     
Ri  1/3  1/3 1     3     4     5     5     5     
P  1/4  1/3  1/3 1     3     4     5     5     
Rd  1/5  1/3  1/4  1/3 1     3     3     5     
F  1/5  1/3  1/5  1/4  1/3 1     3     3     
A  1/7  1/4  1/5  1/5  1/3  1/3 1     3     
Lu  1/9  1/5  1/5  1/5  1/5  1/3  1/3 1     
 
    After the determination of the preferences of the factors, the values of each column of couple comparison 
matrix were summed up and then the values in each cell of the matrix was divided by the summed value of same 
factor column and finally, the factor mean values was derived in each row as mean of the values in each row. 
These mean values of each row were considered as weight values of each factor (Abdul Rahamana et al., 2014). 
Therefore, the priority of each factors based on ear ed weight values was obtained as shown in the Mean (y) 
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Table 3. Arithmetic Mean Method for Calculating the Factor Weight Values 
 
Comparison S Li Ri P Rd F A Lu Mean (y) 
S 0.31 0.26 0.37 0.33 0.30 0.23 0.25 0.25 0.29 
Li 0.31 0.26 0.37 0.25 0.18 0.14 0.14 0.14 0.22 
Ri 0.10 0.09 0.12 0.25 0.24 0.23 0.18 0.14 0.17 
P 0.08 0.09 0.04 0.08 0.18 0.18 0.18 0.14 0.12 
Rd 0.06 0.09 0.03 0.03 0.06 0.14 0.11 0.14 0.08 
F 0.06 0.09 0.02 0.02 0.02 0.05 0.11 0.08 0.06 
A 0.04 0.07 0.02 0.02 0.02 0.02 0.04 0.08 0.04 
Lu 0.03 0.05 0.02 0.02 0.01 0.02 0.01 0.03 0.02 
Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
 
    Finally, a consistency ratio (CR) for the pair w se comparison matrix was obtained by comparing the 
consistency Index (CI) with average Random Consistency Index (RI) as shown in (Table 4) to verify the degree 
of credibility of the relative weights. 
 
Table 4. Random Consistency Index 
 
N 1 2 3 4 5 6 7 8 9 10 
RI 0.00 0.00 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 
 









    Where, λ max is the major or principal Eigen value of the matrix and it is computed from the matrix and n is 
the order of the matrix. In this study, the principal Eigen value was found to be 8.86. So, CR was 0.0087 by 
using values of RI as 1.41 and n=8, which indicates  reasonable level of consistency, that is good enough to 
recognize the factor weights. 
b) Assigning weight values to each class of factors 
    The weight values are given to each class of factors on the basis of the percentages of area covered by the 
landslide area in each of them. All the classes of the different factors were given values from 0-100. For this, 
firstly the percentages of area covered by the landslide in each class of different factors were determined. Then, 
in each class of respective factors the percentage of area covered by the landslide which given intermediate 
values on proportional basis. Finally, weight values of each class of factors was obtained with multiplication of 
the weight obtained by the percentage of LS covered a a with the factor weight of respective factors (Table 5). 
 
c) Zonation of the study area 
    After giving weight values to all classes of the different triggering factors, the triggering factors were prepared 
by using lookup feature of ArcGIS. The cumulative wight value (i.e. Susceptibility Coefficient) for each grid 





    where LHZI is the required landslide hazard zone index of the given pixel, Rj and Wi are class weight (or 
rating value) and the factor weight for factor i deriv d using AHP technique. 
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Table 5. Actual weight of each class of Factors 
 
SN Factor class Area of the 
class km2 
% area 
covered by LS 







Landuse    
1  Cutting 
cliff  
0.08 2.29% 100 0.02 2.44 
2 Cultivation 32.74 0.01% 0.41 0.02 0.01 
3 Forest 30.06 0.06% 2.72 0.02 0.07 
4  Grass 5.97 0.14% 5.91 0.02 0.14 
5  Bushes 3.75 0.09% 3.80 0.02 0.09 
6 Sand 0.56 0.00% 0 0.02 0 
7  Barren land 0.01 0.00% 0 0.02 0 
8 River 0.91 0.00% 0 0.02 0 
Lithology    
1 Alluvial 
Deposit 
6.18 0.00% 1.24 0.22 0.28 
2 B nighat 
Slates 
38.40 0.04% 47.50 0.22 10.61 
3 Dhading 
Dolomite 
24.02 0.07% 79.83 0.22 17.83 
4 N urpul 
Formation 
4.09 0.08% 100.00 0.22 22.33 
5 River Bed 
& Sand area 
1.39 0.02% 22.01 0.22 4.92 
Aspect    
1 Flat 0.15 0.00% 0.00 0.04 0.00 
2 North 21.13 0.04% 60.42 0.04 2.30 
3 East 12.65 0.07% 100.00 0.04 3.81 
4 South 22.74 0.03% 51.75 0.04 1.97 
5 West 17.42 0.06% 85.27 0.04 3.25 
Slope    
1 <10 3.59 0.00% 0.00 0.29 0.00 
2 10-30 34.17 0.02% 19.85 0.29 5.70 
3 >30 36.33 0.08% 100.00 0.29 28.72 
Road    
1 0-100 m 23.63 0.05% 32.83 0.08 2.67 
2 100-200 m 15.18 0.03% 18.26 0.08 1.49 
3 200-300 m 11.04 0.04% 24.42 0.08 1.99 
4 300-400 m 8.18 0.02% 16.41 0.08 1.33 
5 400-500 m 5.72 0.15% 100.00 0.08 8.13 
6 >500 m 10.33 0.05% 35.28 0.08 2.87 
River/Stream    
1 0-100 m 16.68 0.06% 84.62 0.17 14.25 
2 100-200 m 14.88 0.07% 99.94 0.17 16.83 
3 200-300 m 13.27 0.02% 22.46 0.17 3.78 
4 300-400 m 11.04 0.07% 100.00 0.17 16.84 
5 400-500 m 8.84 0.05% 78.19 0.17 13.16 
6 >500 m 9.38 0.02% 25.17 0.17 4.24 
Fault    
1 0-800 24.68 0.03% 26.84 0.06 1.51 
2 800-1600 13.89 0.05% 43.23 0.06 2.43 
3 1600-2400 10.43 0.11% 100.00 0.06 5.63 
4 2400-3200 10.00 0.05% 44.56 0.06 2.51 
5 >3200 15.08 0.03% 27.91 0.06 1.57 
Precipitation    
1 <1800 11.48 0.13% 100.00 0.12 12.09 
2 1800-1950 40.52 0.03% 23.85 0.12 2.88 
3 >1950 22.08 0.04% 31.20 0.12 3.77 
 
3. Results and discussion 
 
3.1. Landslide susceptibility zonation mapping 
    LHZI was calculated via Equation (3) (3)where it was found that the LHZI had a minimum value of 11.92, 
and a maximum value of 92.56.These LHZI values were then divided into five classes based on the defined 
interval re-classification of interval size 20, whic  represent five different zones in the landslide hazard zone 
map. These are Very High Hazard, High Hazard, Medium Hazard, Low Hazard, (Figure 1 and Table 6. Details 
of landslide hazard Zonation) 
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Figure 3. Landslide hazard zonation map 
 
Table 6. Details of landslide hazard Zonation 
 
S.N. Hazard Class Susceptibility Coefficient % Area Occupied % Area  LS 
1     Very Low 0-20 0.24% 0.00% 
2     Low 20-40 22.51% 0.01% 
3     Medium 40-60 36.71% 0.02% 
4     High 60-80 38.46% 0.06% 
5     Very High 80-100 2.08% 0.69% 
 
3.2. Validation of AHP model and landslide susceptibili y map 
    The Zonal Histogram Function in ArcGIS Spatial Analysis was used again to determine the percentages of 
area covered by landslide in different Hazard Classes in order to evaluate the applicability of AHP and LHZ 
Model. From the output of analysis carried out using the Zonal Histogram Function, it was found that the
percentages of area covered by the landslide area increased with increase in the hazard probability i.e. the Very 
Low Hazard Class had the minimum landslide area percentage of nil and the Very High Hazard Class had te 








    Hence, it can be inferred that the calculated an classified susceptibility zones are found to be in good 
agreement with occurrences of pre-existing landslide . Therefore, the AHP and LHZ Model used in this study 
were considered to be applicable in LHZ of the study area. 
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    Further, to see the effectiveness of the susceptibility map, a statistical significance chi-square t st was 
performed. For the null hypothesis, it was assumed that the number of landslide cells present in the susceptibility 
classes was purely due to chance. The observed cells with and without landslides for each of the five classes 
were determined from the map, and the expected cells for the same were estimated from the observed values 
(Table 7). The chi-square value computed for the above data is 9023.21. The standard chi-square value with 
degrees of freedom 4 at the 0.01 significance level is 13.277. Thus, the null hypothesis could be reject d and the 
susceptibility map could be considered as statistically significant. 
 
Table 7. Observed and Expected results for the CHI-SQUARE Test 
 
  Observed 
  Very Low Low Medium High Very High 
Cells with landslide 0 74 322 1137 660 
Cells without landslide 11117 1040958 1696933 1777164 95624 
Total 11117 1041032 1697255 1778301 96284 
  Expected 
Cells with landslide 5.27 493.73 804.95 843.39 45.66 
Cells without landslide 11111.73 1040538.27 1696450.05 1777457.61 96238.34 
Total 11117 1041032 1697255 1778301 96284 
 
    In this study, higher slope angle (>30o) had higher percentage of the landslide area, thereby, slope is the most 
critical factor for landslide triggering due to slope instability (Kanwal et al., 2017). Most of the landslides were 
in the proximity of the road. The study done by Kanwal et al (2017) also found that closeness to road features 
also poses certain risk mainly due to undercutting of the slope and may result in slope failure leading to 
landslides. The high occurrence of landslides along the roads might be due to the effect of rainfall in softening 
the soil bed of unpaved roads, artificial excavation of lands at steep slopes for construction and maintenance of 
secondary roads, and the passage of secondary roads through cultivated lands. While talking about the aspect, the 
western faces aspect had highest percentage of landslides which also support somehow the finding of Yalcin & 
Bulut, (2007).The area proximity of river and stream had higher p rcentage of landslide in this study area. The 
higher water level in the river due to heavy rainfall c used undercutting of slopes which decreased th stability 
of land due to increase in the slope gradient, and it might be the reason for the higher number of landslides in the 
distances from the river and stream of study area. This study showed the landslide occurrence higher in the 
forested areas followed by the grassland. Landslide occurrence value is higher in forest areas and lower in the 
barren, grassed and rice field regions (Lee and Min, 2001). The reason is simply the landslides occurred in the 
inclined and mountainous regions and landslides are triggered more by lithological factor than land uses land 
cover factor. Lithology has greater impact on triggering the landslide in the study area. The study reveals the 
high hazard zone with the low rainfall areas. There was greater impact of lithology in triggering landsli es 
despite the low rainfall (Yazdadi & Ghanavati, 2016). Within the distance of 2400 m from the fault line, there 
were majority of landslide occurrence in the study area and landslide occurrence decreases as the distance from 
fault increases. For distance to faults, as the distance to faults decreases, the probability of landslide occurrence 
increases (Bui et al., 2012). 
 
4. Conclusion and recommendations 
    Natural disasters are inevitable and it is almost impossible to fully recover from the damages, though can be 
mitigated the potential risks by preparing and implementing the disaster plans which could assist in 
rehabilitation. The preparation of landslide hazards map could be foremost and crucial for mitigation and early 
warning of such events by identifying landslide prone areas. For this, this study suggests that the landslide 
susceptibility map can be prepared with the help of ossible landslide inducing factors using AHP techniques 
and GIS environment tools, as the results of which could be validated by use of the zonal histogram function and 
chi-square test. In the study area, majority of the ar as falls under high hazards class (38.46%), followed by 
medium hazards class (36.71%) while few areas fall under very low hazards class (0.24%), depicting that t e 
studied area needs to keep alarming for mitigating he future disaster to happen. Moreover, the slope and 
lithological factors were found more jeopardous than that of land use factor, meaning that natural factor is more 
responsible than that of anthropogenic ones except th  road development in the studied area. In addition, western 
facing slopes and nearby of river/stream and roads revealed high occurrence of landslide events. These maps can 
be considered as base map for landslide hazard evaluation when intending to avoid or reduce future hazard's 
impacts and improve decision prior to any development in this region requiring detailed investigation. Results 
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obtained are useful for explaining the conditioning factors for triggering landslides, thereby, supporting the 
efforts to mitigate future hazards in the study area. 
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